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5PREFACE
The aim of this literature survey was to gather informa
tion on the use and properties of chlorinated paraffins
in Finiand The reason behind the choice of subject
was the growing concern feit in the Ministry of the
Environment about the persistency of chlorinated
paraffins in the environment and the suspected role
of these substances in the formation of dioxin emissions
in steel industry. On January 10 th, 1989, The Nordic
Counsil of Ministers approved an Action Pian for the
Prevention of Marine Pollution, in which the Council
agreed to restrict sharpiy the use of chlorinated
paraffins.
In order to have this survey, the Ministry of the
Environment made a contract with the National Board
of Waters and the Environment (NBWE). The person
responsible for the project was Ms. Emelie Enckell
Sarkola, Äcting Head of Division, NBWE. The survey
was carried out by Mr, Ärun Mukherjee, Lic.Tech., in
the Industriai 0ff ice, NBWE. Mr Esa Nikunen, Planning
Officer, supervized the project on behalf of the
Ministry of the Environment.
The National Board of Waters and Environment wishes to
thank ali those who helped to carry out this iiterature
survey.
Helsinki, March 1, 1990
National Board of Waters and Environment
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9INTRODUCTION
In the last few decades, much attention has been paid
to the release, bioaccumulation and harmful effects of
organic chemical compounds. The problems of ecological
magnification of certain persistent chemicals in the
biosphere have been of great concern to our society.
Today there are more than five million registered
organic compounds, of which thousands are used extensi
vely. Many of these compounds are considerably hazardous
to the environment due to their chemical structure.
The presence in the environment of polychlorinated
biphenyls (?CBs), dichloro-diphenyl-trichloroethane
(DDT), phthalate ester plasticizers etc., caused by
industrial activities, has been reported by many authors
(Bidleman et al.1976; Giam et. al. 1977 & 1980; Jansson
et al. 1987). During World War II, DDT was used as a
miraculous compound to control body lice and typhus.
Later it was used as a pesticide. Today the use of
DDT is banned in many industrial countries because
of its toxic properties and persistency.
The PCBs are used in phenol resins and dye stuffs. Their
use as effective antiseptics, disinfectants, germicides,
insecticides, herbicides, preservatives and also as
additives in transformer oils is well dooumented.
Today the use of PCBs is restricted. In the Baltio
Sea Area, the use of PCBs in transformers was banned
by the Helsinki Commission’s Recommendation No. b/1.
This document reviews a group of organic chemical com—
pounds known as chlorinated paraff ins (CPs). The
chlorinated paraffins are mixtures of polychlorinated
n-alkanes of different carbon chain length fC10-
C30) with varying degrees of chlorination. The first
chlorinated paraffin was prepared by Bolley in 1858
and its use as a chlorcosane in the preparation of an
antiseptic solution during World War 1 was reported
by Scheer (1944). In the last few decades, due to
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their several favourable chemical properties, the
giobal use of chlorinated paraffins has increaseä. In
spite of the structural difference between CPs and
PCBs on many occasions PCB compounds have been replaced
by CPs, due to their suitable physical and chemical
properties (Nilsen & Tofgärd 1981; Sundström et al.
1982), Hence, the increased use of CPs has caused a
great concern about their role, bioaccumulation and
effects in the environment.
In Finland no information is available on the presence
of chlorinated paraff ins in the environment and their
effects on biota. This is the first official attempt
to provide current information on the import, use,
possible emissions and environmental significance of
chlorinated paraffins in Finland. The data of this
report are based on a literature survey, guestionnaires
answered by the industry, and information given by
provincial officials, different associations and
individuals.
2 CHLORINATED PARAFFINS
2.1 DEFINITION
Chlorinated paraffins are chlorinated derivatives of
n-alkanes. They consist of a complex mixture of isomers
and homologues. In general, commercially produced CPs
have 10-30 carbon atoms and their chlorine content
varies between 40 and 70 percent by weight (Hardie
1964; Zitko and Aresnault 1974; Serrone et al. 1987).
More than 200 types of commercially produced chlorinated
paraffins can be found in the market (Serrone et al.
1987). As regards carbon chain length, the majority
of CP products fit into the nine cell matrix shown in
Table 1.
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Äppendices 1, 2 and 3 present some short, medium and
long carbon chain length products manufactured by
different companies (Gesellschaft Deutscher Chemiker
1989)
Table 1. Classification of Chlorinated Paraffins*
(CPIÄ 1988)
Percentage of chlorination (w/w)
40-50 50-60 60-70
C; Q -(C12 Feedstock) Äl Ä2 Ä3
C1
- ;(C15 Feedstock) Bi 32 33
c2
-(C24 Feedstock) Cl C2 C3
* The graphic was deveioped by J.F.D. Miii, past
Chairman of CMorinated Paraffins Industry Ässoclation.
2.2 MANUFACTURING
Halogens react with paraffins to form mono- and polyha
logenated compounds. The order of activity of halogens
is F > Cl > Br > 1. Only fluorination can occur in
the dark at room temperature. Except for iodine,
halogenation is violent in the presence of white
light and ultraviolet radiations, The reaction is
endothermic and can take place in the liquid as well
as the gaseous phase. Heat, ultraviolet light and
catalysts accelerate the reaction rate, whereas even
traces of oxygen act as inhibitors of the reaction.
The CPs are obtained by direct chlorination of paraffins
(n-alkanes) of high purity in the liquid phase, in
the presence of carbondioxide, steam, hydrogenchloride,
and solvent. The reaction mechanism for the substitution
of hydrogen atoms in paraffins by halogens is believed
to involve free radicals, which appear in the following
reactions (Pease and Watz 1931):
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c12-c1 (1)
Cl— C1.(AH + 5.7 Kcal/mole) (2)
C1.+ RH — R.+ HC1 (AH = 0 to -15 Kcal/mole) (3)
R. + C12 — RC1 + Cl. (AH = -2 to -27 Kcal/mole) (4)
CPs are manufactured commercially by letting gaseous
chlorine flow or bubble into a straight chain petroleum
fraction (average molecular weight around 150, i.e. liquid
fraction mixed with hard wax fraction, approx. molecular
weight 320). The presence of branched chain hydrocarbons
in the petroleum fraction reduces the thermal and optic
stability of the chlorinated products.
Optimum temperature for chlorination is reached when (i)
the viscosity of the petroleum fraction is low enough to
allow free flow of chlorine and hydrochloride gas and
(ii) decomposition of the CPs is at a minimum. Äs a rule,
the temperature must lie kept between 80 and 100 °C depending
upon the chain length of the paraffin feedstock (Schenker
1979; Houghton 1989). Generally, no catalyst is used,
but some producers may promote the process with UV-light.
Impurities like isoparaffins and aromatic compounds are
chlorinated to some extent in the presence of UV light.
The degree of chlorination may be increased by carrying out
the process in an inert solvent. Flow rate of chlorine
gas also affects the yield and properties of products.
Even if similar petroleum fractions are used, variation
of the chlorine flow rate and temperature affects the
colour and viscosity of the product.
The production process of CPs varies according to the
produeer. The process may lie continuous or of a batch type.
Figure 1 shows a typical one stage reactor where CPs flow
counter the flow of the chlorine gas.
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Fig. 1. A schematic flow dftigram
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3 PROPERTIES OF CHLORINATED
PARAFFINS
3,1 PHYSICAL PROPERTIES
Chlorinated paraffins are physically homogeneous, viscous,
yellowish liquids or low melting solids. The CPs are
described to have a colour ranging from Iight amber to
yellow. However, the shade of the colour depends on the
storage conditions and the process of manufacturing. The
colour darkens with prolonged heating, due to the evolution
of hydrochloride gas (Hardie 1964). The CPs have a slightly
unpleasant odour (Hardie 1964), which is due to small
quantities of lower nolecular products (Howard et aI,1975),
CPs with chlorine content higher than 40 % are non-f1amma-
ble. With a chlorine percentage, lower than this, CPs burn
with difficulty. Hence they are used as fire retardants
and extreme pressure lubricants.
CPs are insoluble in water and lower alcohols, but partially
soluble in higher alcohols like octanol. The partition
coefficient fP0) of CPs in water-octanol mixture helps
to describe the environmental fate of a particular CP. From
the log P,,, values one can estimate the solubulity of a
particular CP in fat, i.e. the potential uptake by fisli,
maminals and human tissues. On the other hand, the water
solubility of a particular CP can be predicted from log
values. The higher the log P0,, values, the lower the
water solubility of a particular CP. Partition coefficient
of CPs have been measured by Renberg et al. (1980) using
the reversed phase high performance thin-layer chromato
graphy method. Appendix 4 presents a few log P, values
calculated by Lyman et al. (1982). Besides, Vieth et al.
(1979) have tried to find a relationship between log P0,
and the bioaccumulation factors of CPs in the aquatic
environment.
Many commercially produced CPs can be emulsified in water
(Howard et al. 1975). The CPs are soluble in mineral and
lubricating oils, chlorinated solvents, benzene, ether,
15
ketones, esters, cyclohexanol, castor oil and linseed
oil. The CPs are competeble with rubber, chlorinated
rubber, polyester resins, plasticizers like dibutyl and
tricresyl phosphate (Hardie 1964). Äppendix 5 describes
the physical properties of selected grades of Cereclor
manufactured by ICI Chemicals and Polymers Limited.
3.2 CHEMICAL PROPERTIES
The general formula of CPs is CnH2r+2•xC1z and their
average molecular weight varies betueen 300 to 1100 (Bisson
1983). The product is heterogenous, i.e. a particular
sample may contain from ten to a hundred different molecular
species. Thus the chemical properties of CPs are the
average of the chemical properties of the different molecu
les.
Properties of CPs vary (a) with the nature of the paraffinic
raw materiais, (b) the temperature of chlorination and
(c) the chlorine content. Tlius a CP with the desired
chemical property may be obtained from a given fraction
by varying the conditions of chlorination. Their viscous
character, non-toxicity, non-fiammability, miscibility
with plasticizers and ability to split off small guantities
of HC1 at high temperaturs have found extensive uses for
CPs in the industry.
Chlorination of the methylene group takes place easily
but not more than one chlorine atom is attached to a
carbon atom, whether terminal or central (Fig.2). Hence
it is not possible to obtain a product containing more
than 70 % of chlorine. The formula for compounds with
maximal chlorination is en H + 2n
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H H ct H ct H
_
_
/y// /
ct —c c—c— c c c ct
/
H ct H ct 1-1 H
Fiq. 2. Maximum one chtorine atom is attached
to each Cucbon utom.
Ät temperatures higher than 100 °C or on prolonged heating,
HC1 is produced through the decomposition of CPs, which
causes unsaturation and darkening of the compound. The
thermal stability factor of CPs is measured in terms of
the amount of hydrogenchloride produced (HC1 %) on heating
the CP for 4 hours at 175 °C (Hardie 1964).
3.3 DEGRADATION MECHANISMS AND PERSISTENCY
Chlorinated paraffins, although less stable than DDT and
PCB, are persistent chemicals and thus capable of accumula
ting in the environment. It is this persistency that
ascribes to this group of chemicals their suspected hazar
dousness. Stiil, there is no evidence of their adverse
effects on humans (Darnerud 1985). The occurrance of C?s
in the environment is stiil limited and consequently, no
risk conclusions can be drawn (Svanberg & Lindn 1979).
The persistency of CPs varies with their chain length and
degree of chlorination, However, the presence of certain
impurities decreases their persistency.
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Degradation mechanisms of CPs have been reported widely
in the literature (Howard et al. 1975 ; Svanberg 1983).
The CPs can be degraded in the following ways:
* Chemical degradation
* Thermal degradation
* Photochemical degradation
* Biological degradation
3.3.1 Chemical degradation
Chlorinated paraffins are easily adsorbed on particles.
This can be attributed to the low solubility of the paraf
fins in water. In their adsorbed state, the CPs may undergo
chemical reactions on the surface of the adsorbent, due
to the presence of ironoxide or other inorganic compounds.
These chemical reactions may lead into liberation of HC1
and thus split the chemical into fragments fHoward et al.
1975). Otherwise, CPs do not oxidise in normal temperatures
and under relatively neutral conditions. No adeguate data
are available on the chemical degradation of CPs in the
environment.
3.3.2 Thermal degradation
Chlorinated paraffins are said to be thermally stable.
However, prolonged heating at 200 °C eliminates molecules
of hydrogen ch1orid from CPs, which may resuit into the
degradation of the compound. Burning of a compound con
taining paraffins also results in the degradation of CPs.
The products of thermal degradation are HC1, an organio
residue that may contain olefinic carbon-carbon bonds and
some remaining bound chlorine, and it may be partly polyme
rised. Combustion of CPs at higher temperatures forms
carbon dioxide, water, hydrogen chloride and trace amounts
of chlorine (Houghton 1989). However the products vary
with the chlorine percentage of a CP. Experiments carried
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out by Bergman et al. (1984) confirmed that a mixture of
low chlorinated CPs (C12-CP 59% C12) formed unchlorinated
aromatic compounds such as toluene, biphenyl, naphthalene
and even traces of chlorobenzene and dichlorostyrene. On
the other hand, a mixture of high chlorinated CPs (C12-CP
70% C12) produceä a large number of polychlorinated aromatic
compounds such as polychlorinated benzenes, toluenes, PCB
(> 20 congeners) and a trace of PCDF. Tliese tests were
carried out at temperatures between 300 and 700 °C.
Ballistreri et al. (1978) had shown that CPs, on interacting
with me-tai oxides (i.e. on oxidation), as in the case of
fiame retardants, produce volatile chiorides, such as
antimonichioride, and organic fragments.
3.3.3 Photochemical degradation
Chlorinated paraffins are manufactured in the presence of
light, which implies that these chemicals in their pure
form are non-photoreactive. Än experiment conducted by
Friedman and Lombardo (1975) indicates also that CPs do
not absorb high energy light (13 % of the light energy
was between 220 280 nm), and therefore no degradation
was noted. But it has also been found out tliat certain
impurities in trace amounts make CPs photosensitive and
hence influence their degradation. Ätkinson (1986) estimated
the photochemical degradation of CPs in the atmosphere,
which is shown in Table 2. The absorption of light and
impurities promote photochemical degradation, the degrada
tion time being inversely proportional to the carbon
chain length of CPs. On degradation, the colour of the
compound changes from pale yellow to brown because of the
evaporation of HC1. Concentrated solutions of chiorinated
paraffins aiso undergo photodegradation.
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Table 2. Theoretical studies on photochemical degradation of chlo
rinated paraffins in the atmosphere (Ätkinson 1986).
(koH= rate constant t½ = halftime)
Chlorinated koH = Cm3 x mo1ecu1e’s’ t112 day
paraffins
C10•13 9.0-14.9 x Q2 1.2 — 1.8
C1417 14.9-18.9 x 1012 0—85- 1.1
C1830 (Liquid) 20.2-31.1 x 1012 0.5 - 0.8
3.3.4 Biological degradation and
bioaccumulation
Chlorinated paraffins are non-volatile and highly lipophi
lic, which restricts their transportation in the environ
ment. Since tliey are easily adsorbed to suspended solids
in industrial effluents, they are likely to be found in
sediments near the discharge point. This has been shown
for instance by Campbell and McConnell (1980).
Än extensive study was taken up by Zitko & Ärsenault
(1974 ; 1977) on the biodegradation of CPs in the estuarine
sediments. They observed that degradation is maximal in
sediments under anaerobic conditions. Äccording to Madeley
& Birtley (1980), microorganisms which have been previously
acclimatized to specific CPs, show a greater abulity to
degrade CPs. The longer the carbon chain, the slower the
biodegradation. For particular carbon chain, the biodegra
dation decreases with increasing chlorine percentage.
Under anaerobic conditions, where the extent of degradation
was measured in terms of amount of methane and carbondioxide
produced, Madeley & Birtley (1980) observed that whenever
an alternative biodegradable carbon source is available,
the degradation rate of chlorinated paraffins decreases.
Biological degradation of CPs in mice and carp has been
examined recently by Darnerud et al. (1982; 1983) and
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Darnerud and Brandt (1982 ; 1985). In their tests the
degradation of several ‘4C-labelled CPs (carbon atom
group 12-16) containing different chlorination percentage
(17, 23, 34, 56 and 69 % Cl) W8S observed. The biodegra
dation of chlorinated alkanes to ‘4C02 was inversely
proportional to the chlorine percentage, a fact that has
also been noted by Madeley and Birtley (1980).
4 PRODUCTION AND USE OF
CHLORINATED PARAFFINS
4.1 PRODUCTION
There is lack of information on the world production and
consumption pattern of chlorinated paraffins. Extensive
commercial use of CPs was reported aiready in 1932, and
their production increased considerably during World War
II (Howard et ei. 1975). The world production of CPs was
between 38 000 and 50 000 tonnes in year 1961 (Hardie
1964). In 1977, Campbell & McConnell (1980) estimated
the world production to be about 230 000 tonnes, excluding
East European countries. For this survey, the growth rate
of production is estimated to be 5 %, and on that calcula
tion basis the corresponding worid production of CPs
would have been about 340 000 tonnes in 1988. Houghton
(1989) believes tliat the total world production inciuding
Eastern Europe was about 400 000 tonnes in 1988.
No chlorinated paraffins are produced in Finland. In
1988, about 1 000 tonnes of CPs were imported. Figure 3
indicates the import trends of CPs between the years 1980
and 1988. In 1988, the consumption of CPs was 840 tonnes.
The consumption pattern is described in Section 4.2.
Äppendix 6 presents a list of trade names and manufacturers
of chlorinated paraff ins in north America, western Europe,
Japan and other countries,
21
t/y
year
Fig. 3 Irciport of chlorinated paraffins fri Finland during
1980-1988 (Suomen ICI Oy, 1989)
4.2 USE
The early history of the use of CPs has been described by
Sheer (1944) and the current uses of these chemicals have
also been mentioned in literature (Hardie 1964; Zitko &
Ärsenault 1974; Howard et ei. 1975). Due to varying carbon
chain length and chlorine percentage, CPs provide a range of
properties for different applications. It is believed
that about 50 % of CPs produced in the world production
(excluding East European countries) have carbon chain
iength of C1417, and their chlorine percentage lies
between 45 and 52.
CPs are mainly used as plasticizers and fire retardants
(Zitko and Arsenault 1974). Besides, the CPs are also
used as soivents, dielectrics, additives for lubricating
oils, paints, printing inks, rubber and sealants etc. The
use of CPs in cutting oils increases the tool life and
improves surface roughness (Matthijsen & Van Den Brekel
500
81 82 83 84 85 86 87 88
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1967). This is due to the fact that during cutting, the
released HC1 reacts with the metal surface to produce
metal chlorides which have good lubricating properties
(Bisson 1983).
CPs have been used in the textile industry for a long
time to waterproof cotton, canvas, ropes and other textile
materiais. Many other uses of CPs may be mentioned, such
as fioor polishers, furniture, wall papers, other special
papers, fat liguor in the leather industry, insulating
cover materiais for electric conductors etc.In a word,
the applications of CPs are innumerable.
It is well documented that the consumption pattern of CPs
varies from one country to another. Obviously, the United
States consumed the largest amount of chlorinated paraffins.
In 1987, the consumption was 42 000 tonnes (Campbell
1989). In Sweden, the consumption of CPs was estimated to
be about 5 000 t y’ (Edlund 1981), whereas in Denmark
the import of CPs and polyethylenglycol was about 973
tonnes in 1987 (Nieme1 1989). In the European Communities
(EC), the consumption of CPs was 55 000 tonnes in 1985
fCampbell 1989).
Table 3 shows the consumption pattern of CPs in selected
countries including Finland. In the 1990s, the consumption
of CPs in Finland may increase by 40-50 %, due to the
increased use of CPs in special paper production lines.
Än expert opinion suggests that leather industries in
Finland consume about 900 tonnes of wax and nearly 10 %
of this contains sulphochlorinated paraff ins. Trade names
of such waxes include Chromopol UFB/W, Chromopol RN/W,
Corpol DXU, Eulinol CPK, Coripol ICA, Coripol DX 1202
(Suomen Bayer Oy 1989).
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Table 3. Consumption pattern of CPs in selected countries
Country Consumption pattern * Total Year Ref.
comsumption
tonnes /y
USA Lubricants, cutting oils 42 000 1987
and fire retardants 45
Plastics/coated fabrics 20
Rubber 13
Paint 9
Ädhesives 4
Caulks/Sealants 2
Miscellaneous 7
European PVC 50 55 000 1985
Comm- Paint, glue, cutting oils, 50
unities lubricants etc.
Finland Paper 68 840 1988 This
Paint 23 study
Cutting oils 4
PVC and rubber 5
Sweden PVC 75 5 000 2
Lubricants, cutting oils*,
Coating for electric
cables 9
Paint, Rubber, Plastic 5
1 Campbell (1989)
2 Svanberg (1983)
*The consumption of CPs jo cutting olla and lubrlcants has been reduced aubatantially in recent
years, which is reported by Adler (19B9).
5 EMISSION AND DISCHARGE SOURCES
OF CHLORINATED PARAFFINS IX
FINLAND
Chlorinated paraffins may escape to the environment during
production, storage and transport, during industrial use,
or incineration and from landfill sites.
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5.1 PRODUCTION
During the course of production, there is no contact of
CPs with water, Hence, the amount of these chemicals in
waste waters from production plants can he assumed to be
small (Howard et al. 1975). However atmospheric emissions
from production have been mentioned by the same authors
(1975). C? emissions were measured at a manufacturing
plant in the Federal Repubuic of Germany, in 1988. The
observed emissions were in the order of 30 mg/Nm3. The
process loss of CPs was about 0.1 g kg-1 of chlorinated
paraffin production (Gesellschaft Deutscher Chemiker
1989). No other information about the presence of CPs in
air has been reported so far, However, as mentioned earlier
there is no production of CPs in Finland.
5.2 STORAGE AND TRANSPORT
In Finland, CPs are imported in liquid as well as in
powder form. Ä drum contains 250 kg of CP in liquid form
and a bag 25 kg of CP in powder form. Effluent discharges
may occur if empty drums of CPs are cleaned for further use.
On the other hand, soil may be contaminated when empty CP
bags are dumped at landfills.
5.3 INDUSTRIAL USE
In Finland, three paint factories consume CPs. It has
been reported by the factories concerned that waste paints
are delivered to Oy Ekokem Ah (a hazardous waste treatment
plant) in Riihimäki for further treatment. The oil and
rubber factories follow the same procedure. But wastes
containing CPs sucli as PVC, leather and textiles are
dumped in landfills.
In 1988, about 34 tonnes of CPs were consumed in cutting
oils by metal industries. In the hazardous waste treatment
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plant in Riihimäki, about 900 tonnes of emulsions containing
5 % cutting oil were treated in 1988 (Oy Ekokem Ab 1989).
This means that 45 tonnes of cutting oils containing
about 3 % chlorinated paraffins were incinerated (estimated
in this study). About 25 % of the use is estimated to be
stuck to the metal chips. The remaining 24 tonnes of CPs
are lost as hydrochloric acid converted to a metal chloride
and as degradation products of CP (Fig.4).
There is pienty of information on the formation of dioxins
when CPs are treated at high temperatures (Jansson 1987;
National Swedish Environmental Proteotion Board 1988;
Antonsson et al. 1988; Öberg et al. 1989; Tysklind et al.
1989; Tysklind and Raape 1989). Recent pilot tests in
Sweden (Tysklind et al. 1989) have indicated emissions of
chlorinated dioxins (PCDDs) and dibenzofurans (PCDFs) when
scrap metal with CaCl2, cutting oils containing chlorinated
additives, PVC and scrap containing no chlorine were
charged separately in the furnace. (Table 4). The greatest
release of dioxins (190 pg/t of scrap) was observed by
the same authors when scrap contaminated with cutting
oils was charged batchwise in open top furnace.
In Finland, 40 000 tonnes of steel chips, 3 700 tonnes of
copper chips and 800 tonnes of aluminium chips contaminated
with cutting oils were produced in 1988 (Osuuskunta Teolli
suuden Romu 1989 ; Outokumpu Oy 1989). Hot and cold briquet
ting plants handled 30 000 tonnes of steel chips for the
production of steel briquettes. These chips contain 5.4-8.9
g of cutting oils per kg of chips (Ekono Oy 1989). Ät a
hot briquetting plant, the gases are passed through an after
burner and a wet scrubber to reduce emissions to the
atmosphere. However, the total consumption of scraps
(including metal chips) in three steel factories in Finland
is about 0.81 x Q6 t y1. It has been estimated roughly
that emissions to air of dioxins from Finnish steel
industry is about 10-30 g TCDD-equivalents (Eadon) per
year (Tirkkonen and Laukkarinen 1988). The formation of
dioxins in a process depends probably upon the chlorine
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content of raw materiais, charging procedure, furnace
design, process and oxidation level. Tysklind et ei.
(1989) believe that dioxin formation corresponds to the
type of organic material added to the scrap metal rather
than to the chlorine content.
Table 4. Leveis of PCDDs and PCDFs in f lue gases before and after
bag house filter during continuous charge through the £urnace
lid, TCDD-equivalent (Nordic). (Eaden parentheses) (Tysklind et.
ei. 1989).
feedstock Before Äfter kg C1/t
Bag house Bag house
No chlorine
ng/Nm3 d.g. 0.2 (0.2) 0.1 (0.1)
-
pg/ton 0.8 (1.1) 0.5 (0.7)
CaC12
ng/Nm3 d.g. 0,5 (0.4) 0.04 (0.04) 0.3
pg/ton 2.8 (2.7) 0.2 (0.2)
Cutting oils
ng/Nm3 d.g. 0.3 (0.4) 0.1 (0.2) 0.4
pg/ton 1.5 (2.1) 0.6 (1.0)
Pvc
ng/Nm3 d.g. 5.9 (6.4) 1.5 (3.9) 1.3
pg/ton 30 (33) 7.7 (20)
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5,4 INCINERATION OF WASTES
It is believed that during waste incineration CPs, due to
their low thermal stability, will not escape as exhaust
gases. CPs decompose at temperatures between 300 and 400 °C
whereas the decomposition temperature of PCBs is about
800 °C.
The experiment carried out by Campbell and Caesar (no
date) at the factory of a British walipaper manufacturer
in England indicates that no dioxins are formed during
incineration of wallpapers containing PVC and CP plastici
zers in oven vent fumes of a tunnel oven. The tests
indicated that at 640 °C tetrachlorodibenzofuran (2,3,7,8-
TCDF) and tetrachlorodibenzodioxin (2,3,7, 8-TCDD) formation
was 0.27 and < 0.005 ng Nm of dry gas, respectively. These
values are claimed to be below Swedish specifications
(< 1 ng Nm3) (Campbell & Caesar no date).
In Finland, there are two incineration plants - one in
Turku and the other in Riihimäki. In Turku about 50 000 t
y of domestic wastes containing 5 % plastics are incinera
ted (Incineration plant, Turku 1989). The annual emission
of dioxins from this plant was about 2.6 g in 1983 (Kinnunen
1985). In the hazardous waste treatment plant in Riihimäki,
the annual emission of polychlorinated dibenzodioxins and
dibenzofurans as 2,3,7,8 TCDD-equivalents was 0.43 g in
1985 (Lodenius & Braunschweiller 1986; Oy Ekokem Ab 1989).
It can be assumed, that the dioxins are formed mainly
from other compounds than chlorinated paraff ins.
5.5 LANDFILLS
In Finland, about 70 x 106 tonnes of wastes are produced
annually, of which 1.5 x 106 tonnes consist of municipal
wastes (Lodenius & Seppänen 1988). Due to the Waste Manage
ment Äct (1979) the major part of hazardous wastes is now
treated at the hazardous waste treatment plant (Oy Ekokem
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Äb) in Riihimäki. However, there is no information on the
amount of chlorinated paraff ins dumped into the Finnish
iandfills.
Ä few exampies of probable sources of CPs at iandfills
are given below:
(a) Industry and domestic users generate 100 000 t y’ of
plastic wastes which are mostly dumped in iandfiils (Isaks
son and Vahvelainen 1986). Ä part of these wastes undoubted
ly contain CPs.
(b) Finnish special papers containing 130 mg of CPs per
sheet (Ä4 size) are mainly dumped in iandfiiis after use.
Thus, the amount of CPs ending up at landfills in Finland
from this particuiar product, cen be estimated to be as
big as 150 t y’.
(c) In this study it is also estimated that at least 2 to
4 t y’ of suifo chiorinated paraffins end up at the
landfiils as leather wastes.
There is no information ebout laboratory tests on the
ieaching of CPs in the environment. Hamaker (1975) pointed
out that adsorption is the principai factor influencing
leaching and the absorption coefficients may be used to
estimate the leachabiiity of CPs. Svanberg (1983) and
Bergman et al. (1984) believed that these chemicals may
leach from paint and PVC containing products. But Howard
et ei. (1975) and Zitko and Ärsenauit (1977) suggested that
due to their iow water solubility and strong binding
capacity, CPs are not likely to leach from iandfills and
dumps to any great extent. Campbeil (1989) believes that
CPs are interiocked with organic matrixes in such a way
that no leaching to the environment is possible.
CPs are considered to be insoiuble in water at pH 7, but
we do not have any knowiedge about their soiubiiity at
lower pH values. However, it has been shown that short
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carbon chain (C,0 ) CPs are to some extent soluble in
water, tliat is up to 0.1 mg 1-1 (CPIÄ 1988).
6 EFFECTS OF CHLORINATED PARAF
FINS IN THE ENVIRONMENT
Commercially prepared CPs are complex substances. Due to
the specific physical and chemical properties of different
CPs, the behaviour of a particular group of CPs in biota
is guite different from that of another group. Data on
their toxic effects and behaviour in the ecosystem are
limited. The reason for this is that little progress has
been made on analytical methods for CPs (Bengtson et al.
1979; Schmid et al. 1985; Zitko 1g89).
6.1 CHLORINATED PARAFFINS IN WATERS AND SEDIMENTS
Due to their low water solubility, CPs are generally
associated with sediments and suspended particles in
water. Ä literature survey indicates that shorter carbon
chain length (C,0 3) CPs are slightly soluble in water
(maximum 0.1 mg 11 of water) (CPIA 1988). CPs in water
and sediments have been reported by Campbell & McConnell
(1980). Äs expected, the highest concentrations of CPs
were found in sediments near industrial areas (Appendix
8). In remoter areas, the slightly increased concentrations
of CPs in sediments (up to 1.0 mg kg-’) may be due to
atmospheric transport of CPs from the source area. Concent
rations of CPs in unpolluted river waters and waters
polluted by industry were found to be 0—1 ppb and 1-6 ppb,
respectively (Äppendix 7).
In 1987, the U.S. Environmental Protection Ägency collected
water and sediment sampies from rivers into which producers
and users discharged their effluents. The analyses of
sampies revealed quantifiable concentrations (i.e. ppb or
ppm) of CPs in sediments and waters near the production
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areas but no indication of CPs was found in sampies coiiec
ted from the user& areas. Their study aiso corroborates
the assumption that the concentration of iong chain CPs
(C2030) is the highest in sediments (US EPÄ 1988).
6.2 CHLORINATED PARAFFINS IX AQUATIC BIOTA
There is iimited information on the behaviour and effects
of CPs on aquatic biota. Zitko (174) showed uptake of
CPs (Grades: Cerecior 42 and Chiorez 700) when juvenile
Ätlantic Salmon were fed on a diet containing 10 to 100
mg kg-’ of CPs. Svanberg et ei. (1978) observed neurotic
effects in bleaks (Ä. Älburmus L.), when the test was
performed with Chiorparaffin HU1s 70C. Bengtsson et ei
(1979) aiso noted abnormaiities in bieaks, when the fish
were exposed to short chain iength CPs (C1013 , trade
name : Witacior). Within two weeks, the fish absorbed 90
ug CP g’ body weight, wliereas they absorbed long carbon
chain CPs (C1826) only up to about 3 ug CP g’ body
weight.
Studies by Darnerud (1985) showed that fishes can metabolize
CP partially. Äutoradiographic studies aiso indicated
that when CPs are injected into dorsal aorta, their presence
is shown in gali biadder, iiver, kidney and adipose tissue.
Sublethal physioiogical effects (i.e. hematocrit, giu
coneogenesis, mixed function oxidases etc.) were observed
in flounder (Platichthys fiesus), when the chlorinated
paraffins Witaclor 149 (C,2, 49% Cl) and HU1s 70C (C,2,
70% Cl) were fed orally (1 g CP kg-’ body weiglit of fisli)
(Haux et al. 1982). On the other hand,experiments carried
out by Madeley and Birtley (1980) with rainbow trout
(Saimo gairdneri) and Cerecol 42 (C2030 , 42% Cl) showed
no subiethal effects on this fish species. The mean concent
ration of CPs in emulsion was 700 mg kg’ and the fislies
were kept in the solution for over 96 hours.
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Äcute toxicity of CPs to fish is quite low but signs of
neurotoxicity may be observed. It is believed that short
chain CPs cause toxic and physiological effects at lower
exposure rates than do long chain CPs (Svanberg 1983).
6.3 CHLORINATED PARAFFINS IN MANMALS
Toxicity of CPs to mammais has been studied in the past
(Johnson of Howard et al. 1975; Birtley et al. 1980;
Madeley & Birtley 1980; Nilsen & Toftgård 1981). These
studies indicate that CPs have low toxicity in mammais.
In rats and mice, mild skin irritation due to short carbon
chain compounds, has been reported (1Johnson of Howard et
al 1975). Studies by Birtley et al. (1980) show that
cereclor (C1417 j 52 % Cl) doses up to 500 mg kg -; or
30 mg kg -‘ are not fatal to rats or dogs, respecticely.
Madeley & Birtley (1980) carried out experiments with ma
le and female birds (duck and pheasant) by feeding them
Cereclor S52. Äbsorption of CPs by the birds and low
acute oral toxicity were mentioned in their test report.
Darnerud et al. (1982) and Biessmann et al.(1983) also
observed the absorption of chlorinated paraff ins in their
test species (mice and quail).
Recently, Serrone et al. (1986) studied the carcinogenicity
of CPs in rats and mice with the following types of CP:
i) Short chain CP (C1013 ; 58% Cl)
ii) Medium chain CP (C1417 ; 52% Cl)
iii) Long chain CP (C2030 ; 43% Cl)
iv) Long chain CP (Solid ; C6 ; 70% Cl)
Their tests indicate that toxicity of short chain chlo
rinated paraffins C1013 and C1417 is higher than that
of C20 paraffins. In particular, the liver and kidneys
of the test species were analysed during the test.
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Based on these experiments, the National Toxicology Program
(1986) stated clearly that chlorinated paraffins containing
10-13 carbon atoms and with a chlorine percentage of 58
are carcinogenic.
7 DISCUSSIONS AND CONCLUSIONS
Chlorinated paraffins have been produced since 1930 and
these chemicals have many uses. Chlorinated paraffins
are persistent, but less persistent than for example
PCBs.
World consumption of CPs was estimated to be 340 000
tonnes and the Finnish consumption about 840 tonnes in
1988. The present data indicate that the Finnish consumption
of CPs is about one-sixth of the Swedish consumption.
The use of CPs varies from one Country to another. In
Finland, the major use is in paper industry, while the
use in cutting oils seems to be only one tenth of the
similar use in Sweden.
CPs are classified into three groups according to their
carbon chain length. Their chlorine percentage varies
from one type to another. In Finland, over 60 % of imported
CPs has a chain length of C1417 and the rest belong to
the group c1
-
or the long chain group c20
-30 In Finland,
no data is available on the degree of CP contamination of
lakes and rivers, sediments, fish and mammals. In Sweden,
laboratory tests with CPs in fish and mammais have been
made (Bengtsson et al. 1979). These studies have indicated
toxic effects and the presence of a particular group of
commercially prepared CPs in the test species (fish,
mice and quail).
The routes of CPs into the Finnish environment are not
very well known. It may be assumed tliat, due to tlieir low
water solubility and pattern of use, only small amounts
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of CP5 reach the aquatic environment with industrial
effluents. Furthermore, due to their low solubility in
water, CPs are rapidly accumulated in sediments and possibly
also in biota. Ä greater part is brought to landfills where
paints, plastics, cutting oils and other wastes are de
posited. Leaching of CPs from landfills is believed to be
a slow process. However, there have been no thorough
studies on leaching of CPs from landfills. Minor guantities
of CP-containing wastes are incinerated in the waste
treatment plant in Riihimäki and Turku, and some cutting
oils in scraps end up in the steel industry in Finland.
The total emission of dioxins from the Finnish incineration
plants is about 3 g y’ (Kinnunen 1985 ; Lodenius and
Braunschweiller 1986). In Finland, no exact values for
dioxin emissions from the steel industry are available,
but the estimated values are about 10-30 g TCDD-equivalents
(Eadon) in a year (Tirkkonen and Laukkarinen 1988). The
dioxin emissions are not caused only by CPs but also by
other chlorine containing wastes.
Opinions vary on the toxicity of chlorinated paraffins.
Recently, however, evidence of the carcinogenicity of CPs
containing 10-13 carbon atoms and chlorinated to 58% has
been gathered by the National Toxicology Program (NTP
1986). In Finland, this group of CPs is used by industry,
but the chlorine percentage of CPs used in Finland may be
slightly different.
Without any data on the presence of CPs in the Finnish
biota and on the basis of limited information obtained
from the recent literature survey, it is impossible to
draw any definite conclusions on the hazardous effects or
the degree of accumulation of CPs in the Finnish environ
ment. However, due to the relatively small consumption
and the low water solubility of the CPs, the environmental
hazards would seem to be rather small. On the other hand,
CPs are only one of the many harmful sources of chlorinated
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products. Therefore, the following studies are recommended
to be done in the near future:
* Measurements of dioxin formation in steel industry
and, if needed, investigations of dioxine sources.
* Measurements of Ädsorbable Organic Halogens
(AOX) in effluents and sediments near some metal,
plastic and paint factories and, if needed,
investigation of the sources of chlorinated
substances.
* Measurements of AOX in leachates from landfills
and, if needed, identification of the main chlo
rinated compounds.
* Studies of pH dependency of chlorinated substances
in leachates.
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SUMMARY
This document is a current review of chlorinated paraffins
with special reference to the Finnish environment.
Chlorinated paraffins are relatively persistent chemicals
with very low water solubility. Äcute toxicity of chlo
rinated paraff ins is assumed to be low and to depend upon
carbon chain length and chlorine percentage. By certain
standards, carcinogenicity of chlorinated paraff ins has
been indicated.
Commercially available chlorinated paraffins are complex
mixtures of hydrocarbons with varied carbon chain lengths
and chlorinated isomers. Due to their several favourable
properties, these chemicals liave been used by industry
for over 40 years. Ät present, the consumption of chlo
rinated paraff ins in Finland is relatively small, in 1988
about 840 tonnes, of which the major part was used by
the paper industry. Chlorinated paraffins are also used
by paint, plastic, metal and leather industries.
Due to lack of measurements, the route of chlorinated
paraffins (CPs) to the Finnish environment are not yet
known. Consumption patterns and the low water solubility
of CPs suggest that the main part of CPs are bound to
products or end up at landfills. On the other hand, formati
on of dioxins (PCDDs) and dibenzofuran (PCDFs) emissions
were reported in Sweden when refuse contaminated with
cutting oils containing chlorinated additives was incinera
ted in a furnace. In Finland the estimated dioxin formation
at steel works is about 10 to 30 g y1 TCDD-equivalent
fEadon), but only 3 g y1 (measured value) at waste in
cineration plants. These dioxin emissions are obviously
due not only to chlorinated paraffins but also to other
wastes, such as PVC, that contain chlorine, It may be
concluded that the environmental hazard caused by CPs in
Finland is rather small.
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YHTEENVETO
Kloorattuja parafiineja on tuotettu vuodesta 1930 lähtien
moniin erilaisiin käyttötarkoituksiin. Ne ovat pysyviä
yhdisteitä, vaikkakaan eivät niin pysyviä kuin esimerkiksi
PCB: t.
Kloorattuja parafiineja kulutettiin vuonna 1988 koko
maailmassa 340 000 tonnia ja Suomessa 840 tonnia. Ruotsin
kulutus oli kuusinkertainen verrattuna Suomen kulutukseen.
Kloorattuj en parafiinien käyttötarkoitukset vaihtelevat
eri maissa. Suomessa pääasiallinen käyttäjä on paperiteolli
suus. Esimerkiksi Ruotsissa kloorattuja parafiineja
käytetään leikkuuöljyissä kymmenkertaisesti Suomeen verrat
tuna.
Klooratut parafiinit luokitellaan kolmeen ryhmään huili
ketjun pituuden mukaan. Kloorin osuus vaihtelee eri ryhmis
sä. Suomeen tuoduista klooratuista parafiineista yli 60 %
kuuluu ryhmään C14
-
ja loput kuuluvat joko ryhmään
C_013 tai C2030
Ruotsissa on tehty laboratoriotestejä kalojen ja nisäkkäiden
klooriparafiinipitoisuuksista (Bengtsson et al. 1979).
Testeissä on todettu toksisuus ja kaupallisesti valmiste
tuista klooratuista parafiineistä tiettyjen ryhmien esiinty
minen testieläimissä (kala, hiiri ja viiriäinen).
Kloorattujen parafiinien kulkeutuminen ympäristöön ei
ole Suomessa kovinkaan hyvin tiedossa. Oletetaan, että
pienen vesiliukoisuuden ja yhdisteiden käyttötapojen
vuoksi vain pieni osa niistä joutuu vesistöön teollisuusjä
tevesien mukana. Sen lisäksi klooratut parafiinit keräänty
vät nopeasti sedimenttiin. Kloorattujen parafiinien määriä
järvissä, joissa, sedimentissä, kaloissa ja nisäkkäissä
ei Suomessa ole selvitetty.
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Suurempi osa klooratuista parafiineistä joutuu maalien,
muovien, leikkuuöljyjen ja muun sellaisen jätteen mukana
kaatopaikoille. Kloorattujen parafiinien vuodon
kaatopaikoilta ympäristöön uskotaan olevan hidas prosessi,
vaikkakaan asiasta ei ole tehty perusteellisempia selvityk
siä. Pieniä määriä kloorattuja parafiinejä sisältäviä
j ätteitä on poltettu j ätteenkäsittelylaitoksillaRiihimäellä
ja Turussa. Jonkin verran romun mukana tulevaa leikkuuöljyä
päätyy terästeollisuuteen.
Dioksiinienkokonaispäästöt suomalaisilta jätteenpolttolai
toksiltaovat noin 3 g vuodessa. (Kinnunen 1985, Lodenius
ja Braunschweiller 1986). Tarkkoja arvoja dioksiinipäästöil
le terästeollisuudesta ei ole saatavilla, mutta arvoitu
määrä on noin 10-30 TCDD-ekvivalenttia vuodessa (Tirkkonen
ja Laukkarinen 1988). Dioksiinipäästöt eivät ole ainoastaan
kloorattujen parafiinien, vaan myös muiden klooria sisäl
tävien jätteiden aiheuttamia.
Mielipiteet kloorattujen parafiinien toksisuudesta vaihte
levat. Viime aikoina on kuitenkin saatu todisteita yhdistei
den, jotka sisältävät 10-13 huiliatomia ja joissa kloorin
osuus on 58%, karsinogeenisuudesta (US National Toxicology
Program, 1986). Suomessa teollisuus käyttää tämän ryhmän
kloorattuja parafiineja, mutta kloorin osuus näissä yhdis
teissä saattaa olla erilainen.
Kloorattujen parafuinien haitallisesta vaikutuksesta tai
kertymisestä suomalaiseen ympäristöön on tiedon puutteessa
mahdotonta vetää varmoja johtopäätöksiä. Älhaisen käyttömää
rän ja pienen vesiliukoisuuden vuoksi ympäristöhaitat jääne
vät melko vähäisiksi.
Orgaanisia klooriyhdisteitä joutuu ympäristöön myös muista
lähteistä kuin kloorattujen parafiinien käytöstä. Siksi
seuraavia selvityksiä olisi tarpeellista tehdä lähitulevai
suudessa:
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* Dioksiinin muodostuminen terästeollisuudessa,
tarvittaessa tutkimus dioksiinin lähteistä
* ÄOX -pitoisuudet metalli, muovi ja maaliteollisuu
den jätevesissä ja sedimentissä, tarvittaessa
tutkimus klooria sisältävien yhdisteiden alkupe
rästä.
* AOX kaatopaikkojen vesissä, tarvittaessa eniten
esiintyvien klooriyhdisteiden analysointi.
* Kaatopaikkojen vesien pH:n ja klooriyhdisteiden
esiintymisen välinen riippuvuus.
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APPENDIX 1
Äppendix 1. Some short chain length chlorinated paraffin products
(Gesellschaft Deutscher Chemiker 1989).
Trade name Carbon Chain %C1 Producer
Length
Cloparol 50 10-13 48-50 Caffaro
Cloparol 5OST 10-13 58-50
Cloparin 55 10-13 55-57
Cloparol 55ST 10-13 55-57
Cloparin C59 10-13 59-61
Cloparol 61ST 10-13 61-61,5
Cloparin C68 10-13 65-67
Chloroaraffin
(Liquid) 10-13 ca.56 Hoechst ÄG
Chlorparaffin 70
(Liquid) 10-13 ca.70
Hordaflex LC6O 10-13 ca.62
Hordalub 17 10-13 ca.49
Hordalub 17K 10-13 ca.49
Hordalub 17 spel 10-13 ca.49
Hordalub 80 10-13 ca.56
Hordalub 8OHT 10-13 ca.55
Hordalub 200PCK 10-13 ca,52
Hordalub 250K 10-13 ca.59
Hordalub 500 10-13 ca.62
Chlorparaffin 50C 10-13 49-50 HU1s
Chlorparaffin 56C 10-13 55-56
Chlorparaffin 60C 10-13 59.5-605
Cereclor 49T 10-13 ca.49 ICI
Cereclor 5OLV 10-13 ca.49
Cereclor 55T 10-13 ca.55
Cereclor 56L 10-13 ca.56
Cereclor 56T 10-13 ca.56
Cereclor 60L 10-13 ca.59.5
Cereclor 61T 10-13 ca.62
Cereclor 63L 10-13 ca,62.5
Cereclor 64L 10-13 ca.63.5
Cereclor 65L 10-13 ca.64
Cereclor 70L 10-13 ca.69
Cereclor 71L 10-13 ca.70.5
Cereclor 71LG 10-13 ca.70.5
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APPENDIX 2
Äppendix 2. Some medium chain length chlorinated paraffin products
(Gesellschaft Deutscher Chemiker 1989).
Trade name Carbon Chain %C1 Producer
Length
Cloparin 44F 14-17 43-45 Caffaro
Cloparin 50 14-17 50-52
Cloparin 58 14-17 57.5-58.5
Chlorparaffln 40 14-17 ca.41 Hoechst ÄG
Chlorparaffin 52
(Liquid) 14-17 ca.52
Hordaflex SP 14-17 ca.56
Hordalub BOEM 14-17 ca.49
Hordalub 500HT 14-17 ca.55
Chlorparaffin 40G 14-17 39.5-40.5 HU1s ÄG
Chlorparaffin 45G 14-17 44.5-45.5
Chlorparaffin 52G 14-17 51.5-52.5
Cereclor S40 14-17 ca.40 ICI
Cereclor S45 14-17 ca.45
Cereclor 51L 14-17 ca.51
Cereclor S52 14-17 ca.52
Cereclor S58 14-17 ca.58.5
48
ÄPPENDIX 3
Äppendix 3. Some long chain length chlorinated paraffin products
(Gesellschaft Deutsclier Chemiker 1989).
Trade name Carbon Chain %C1 Producer
length
Cloparin 30 18-30 26-28 Caffaro
Cloparin P42 18-30 40-42
Chlorparaffin 30
(Liquid) 18-20 ca.35 Hoechst AG
Chlorparaffin 40
(Liquid) 18-20 ca.44
Chlorparaffin 50
(Liquid) 18-20 ca.49
Derminolöl H2F 18-20 ca.44
Derminolöl NS 18-20 ca.35
Hordaflex LC5O 18-20 ca.52
Chlorparaffin 40N 18-27 41-43 HU1s ÄG
Cereclor 42 >20 ca.42 ICI
Cereclor 48 >20 ca.48
Cereclor W40 >20 ca.38.5
Cereclor W44 >20 ca.43
Cereclor W49S >20 ca.48
Cereclor M47 18-20 ca,47.5
Cereclor M50 18-20 ca.52
Cereclor M59DP 18-20 ca.59
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A?PENDIX 4
Äppendix 4. Selected log Pc, values of chlorinated paraff ins
(Lyman et al. 1982),
Chlorinated paraffins %Cl Log
Formula
C10H18C14 50.5 5.06
C10H13C19 70.6 6.06
C13H23C15 49.2 6.51
C13H16C112 71.2 8.12
CP C1013 58—60 5.06
C14H26C14 42.2 7.22
C14H23C17 56,5 6.83
C17H32C14 37.5 8.96
C17H27C19 58.0 7.99
C18H34C14 36.2 9.38
C18H30C18 53.5 8.70
C20H38C14 33.7 10.58
C20H33C19 53.9 9.73
C26H44C110 49.9 12.68
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ÄPPENDIX 6
Äppendix 6. A list of trade names and manufacturers of chlorinated
paraffins (Zitko 1980; Bisson 1983; Strack 1986;
SRI/DIMD 1988; Houghton 1989).
Trade name ?roducer
Europe
Ärubren CP Farbenfabriken Bayer (Federal
Republic of Germany)
Cereclor ICI (UK, France, Italy, Spain)
Chloroparaffine Hoechst Hoechst ÄG, (Federal Republic of Germany)
Chloroparaffine HU1s HU1s ÄG, (Federal Republic of Germany)
Cloparin, Cloparol Caffaro, (Italy)
Älaiflex Rhöne Poulenc, (France)
Electrofine Ätochem, (France)
Quimica del Cinca, (Spain)
Ugine Kuhlmann, (France)
USA & Canada
Cereclor ICI (USA, Canada)
Chlorez, Chlorflo, Paraoil Dover Chemical Corp. (USA)
Chlorowax Occidental (USA)
CPF, FLX Witco Chem. Corp., Argus Div.
(Pearsali Chem, Div.) (USA)
CW Ferro Corp., Keil (USA)
Chlorafin Hercules mc. (USA)
Unichlor, Nevchlor Neville Chem. Co. (USA)
Canadian Industries Ltd.
Cornwall, Ontario (Canada)
Japan
Äsahi Denka Kogyo
Toyo Soda
Sanco Co.
Tekkoslia
Ägino Moto
Other Countries
ÄECI (South Äfrica)
Bann Quimica (Brazil)
Excel Industry (India)
Electroclor (Ärgentina)
Kop (South Äfrica)
Jay Chemical (India)
Plasticlor (Mexico)
Sintesis Quimica (Ärgentina)
Cereclor ICI (Äustralia)
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ÄPPENOIX 7
Appendix 7. Chlorinated paraffins in waters (Campbell
and McConnell 1980).
Sources Waters ppb (w/w)
c1o•20 c20•30
Fresh and nonmarine waters(away from industry)
River Eanwy (Llangadfan)
River Lea (Batford)
River CLwyd (Ruthin)
Bala lake
River Dee (Corwen)
River Wnion (Merioneth)
Firth of Lorne (Ganevan)
River Ouse:
Boothberry Edge
River Trent:
West Bromwich
Walto-upon-Trent
Confluence with Humber
Humber estuary:
Huli
Grimsby
River Thames:
NO <0.5
NM
NO <0.5
0.5
NO <0.5
0.5
NO <0.5
0.5
NO <1.0
NO <0.5
1,0
NO <0.5
0.5
0.5
Fresh water (close to industry)
River Aire:
Leeds 2.0 NM
Woodlesford 2.0 NM
1-2 NM
1-2 NM
2-3 NM
6,0 NM
1-2 NM
3.0 NM
2.0 NM
1-2 NM
Oford
Sanford
* NM = not measured NO = not detectable
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ÄPPENDIX 8
Äppendix 8. Chlorinated paraff ins in sediments
(Campbell and McConnell 1980).
Source Sediments ppm (w/w)
c;o•20 c20•30
Sediments (away from industry)
River Banwy (Llangadfan) NO <0.05 NO <0.05
River Lea (Welwyn) NM NM
River Lea (Batford) 1.0 NM
River Clwyd (Ruthin) NO <0.05 NM <0.05
Bala Lake NM NM
River lee (Corwen) 0.3 0.05
River Wnion (Merioneth) NO <0.05 NO <0.05
Firth of Lorne (Ganevan) NM NM
Sediments (near industry)
River Leeds:
Leeds 10.0 NM
River Ouse:
Boothberry Edge NM NM
Goole 2.0 NM
River Trent:
West Bromwich 6.0 NM
Walto-upon-Trent 1.0 NM
Swarkestone 14.0 NM
Newark 8.0 NM
River Thames:
Oxford NM NM
Sanford 1.0 NN
* NM = not measured ; NO = not detectable
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